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Description 

BACKGROUND OF THE INVENTION 

s 1 . Field of the Invention 

This invention relates to a process for polymerizing an olefin to produce an olefin polymer having a 
broad molecular distribution in a high yield, and to a catalyst for polymerization of an olefin which is used in 
this process. 

70 

2. Description of the Prior Art 

Many proposals have been made on the production of a solid catalyst component comprising 
magnesium, titanium, halogen and an electron donor as essential ingredients. It is known that by using such 
is a catalyst component in the polymerization of an alpha-olsfin having at least 3 carbon atoms, a highly 
stereoregular polymer can be produced in a high yield. 

Generally, olefin polymers obtained by using an active catalyst component of the MgCb-supported type 
have a narrow molecular weight distribution and excellent mechanical properties. However, for some 
applications, olefin polymers which flow readily during melting and have improved moldability are desired. 
20 In the prior art, attempts were made to improve moldability by preparing polymers of a broad molecular 
weight distribution by preparing olefins having different molecular weights in a plurality of polymerization 
reactors. This method cannot be used in a single polymerization reactor, and to produce an olefin polymer 
having a broad molecular weight distribution in a plurality of polymerization reactors is time-consuming. It 
has been desired therefore to develop a process for producing an olefin polymer having a broad molecular 
26 weight by a polymerization operation in a single stage. 

The present inventors extensively made investigations in order to obtain an olefin polymer having a 
broad molecular weight distribution by a polymerization operation in a single stage, and have found that an 
olefin (co)polymer having a broad molecular weight distribution can be obtained by using at least two 
specific electron donors, and this finding has led to the present invention. 
30 In accordance with the invention there is provided a catalyst for use in the polymerization of an olefin, 
which catalyst is formed from 

[A] a solid titanium catalyst component comprising magnesium, titanium, halogen and an electron donor 
as essential ingredients, 

[BJ an organoalumintum compound catalyst component, and 
35 [C] an electron donor catalyst component comprising at least two electron donors including an electron 
donor (1) and an electron donor (2), wherein the electron donor (1) is of the formula 

FlV Si(OR 3 )^ 

40 wherein R' ts an alkyl. cycloalkyl or cycloalkenyl group in which the carbon adjacent to St is secondary 
or tertiary and R 2 is a hydrocarbon group, and 
the electron donor (2) is of the formula 

R 3 n Si(OR 2 ) 4 _ n 

45 

wherein 0 £ n < 4, each R 3 is an alkyl, alkenyf or aralkyl group and is a hydrocarbon group subject to 
the proviso that when n is 2 at least one of the R 3 groups is one in which the carbon adjacent to Si is 
primary, 

the electron donor (1) and electron donor (2) being such that the MFR (a) of homopoJypropylene 
so obtained by polymerizing propylene in the presence of a catalyst formed of the solid titanium catalyst 
component [A], organoaluminium compound catalyst component [B] and the electron donor (1) and the 
MFR (b) of homopolypropyiene obtained under the same polymerization conditions except for using the 
electron donor (2) in place of electron donor (1) satisfies the relationship: 

55 log [MFR (b)/MFR (a)£l.5. 

The invention also provides a process for preparing an olefin polymer which comprises polymerizing at 
least one olefin in the presence of a catalyst of the invention. 
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Since the polymerization process of this invention uses a catalyst formed from the solid titanium 
catalyst component [A], the organoatuminium compound catalyst component [B] and the electron donor 
catalyst component [C] comprising the two specific electron donors (1) and (2), an olefin polymer having a 
broad molecular weight distribution and excellent stereoregutarity can be produced in a high yield. 
5 Furthermore, the polymerization activity of the catalyst does not readily decrease and by using this catalyst 
the melt flow rate of the olefin polymer can be easily adjusted. 

The polymerization process and the olefin polymerization catalyst of this invention will be more 
specifically described below. 

At times, the term "polymerization", as used herein, denotes copoiyrnerization as well, and the term 
jo "polymer", used herein, denotes "copolymer" as well. 

The solid titanium catalyst component [AJ can be prepared by contacting a magnesium compound, a 
titanium compound and an electron donor. 

Examples of the titanium compound used in the preparation of the solid titanium catalyst component [A] 
are tetravalent titanium compounds of the following formula 

75 

Ti(OR g )X,. g 

wherein R is a hydrocarbon group; X is a halogen atom, and g is from 0 to 4. 

More specific examples include titanium tetrahalides such as TiCU, TiBu and TiU; alkoxy titanium 

20 trihalides such as Ti(OCH 3 )CI 3 . Ti(OC2H s )CI 3 , Ti(0 n-C*H 9 )Cl 3 , Ti(OC 2 H s )Br 3 , and Ti(0 iso-CH 9 )Bf 3 ; 

dialkoxytitanium dihalides such as Ti(OCH 3 ) 2 Cl2,Tt(OC2Hs)2Cf2, Ti(0 n-CtHg^Cfe and Ti(OC 2 Hs) 2 Br2; 
tri alkoxy titanium monohalides such as Ti(OCH 3 } 3 CI. Ti(OC 2 Hs)3CI, Ti<0 n-CtHg^CI and Ti(OC2H 5 ) 3 Br; and 
tetraalkoxy titaniums such as Ti(OCH 3 }i, Ti(OC2H 5 ) t and Ti(0 n-C*H 3 )4. 

Of these, the halogen-containing titanium compounds, particularly titanium tetrahalides, are preferred. 

25 Especially preferred is titanium tetrachloride. The titanium compounds may be used singly or in combina- 
tion with each other. The titanium compound may be diluted with a hydrocarbon compound or a 
halogenated hydrocarbon compound. 

The magnesium compound to be used in the preparation of the solid titanium catalyst component [A] 
may include magnesium compound having reducibility and magnesium compound having no reducibility. 

30 The magnesium compounds having reducibility may, for example, magnesium compounds having a 
magnesium-carbon bond or a magnesium-hydrogen bond. Specific examples of such reducible magnesium 
compounds include dimethyl magnesium, diethyl magnesium, dipropyl magnesium, dibutyl magnesium, 
diamyl magnesium, dihexyl magnesium, didecyl magnesium, magnesium ethyl chloride, magnesium propyl 
chloride, magnesium butyl chloride, magnesium hexyl chloride, magnesium amyl chloride, butyl ethoxy 

35 magnesium, ethyl butyl magnesium and butyl magnesium hatides. These magnesium compounds may be 
used singly or they may form complexes with the organoaluminum compounds to be described. These 
magnesium compounds may be iiquid or solid. 

Specific examples of the magnesium compounds having no reducibility include magnesium halides 
such as magnesium chloride, magnesium bromide, magnesium iodide and magnesium fluoride; alkoxy 

40 magnesium halides such as magnesium methoxy chloride, magnesium ethoxy chloride, magnesium 
isopropoxy chloride, magnesium phenoxy chloride and magnesium methylphenoxy chloride; alkoxy mag- 
nesiums such as ethoxy magnesium, isopropoxy magnesium, butoxy magnesium, n-octoxy magnesium and 
2-ethylhexoxy magnesium; aryloxy magnesiums such as phenoxy magnesium and dimethylphenoxy mag- 
nesium; and magnesium carboxylates such as magnesium laurate and magnesium stearate. 

45 These non-reducible magnesium compounds may be compounds derived from the magnesium com- 
pounds having reducibility, or may be compounds derived at the time of preparing the catalyst component. 
The magnesium compounds having no reducibility may be derived from the compounds having reducibility 
by. for example, contacting the magnesium compounds having reducibility with polysiloxane compounds, 
halogen-containing silane compounds, halogen-containing aluminum compounds, esters, alcohols, etc. 

50 In addition to the magnesium compounds having reducibility and magnesium compounds having no 
reducibility may be complexes of the above magnesium compounds with other metals, or mixtures thereof 
with other metai compounds. They may also be mixtures of two or more types of the above compounds. 

In the present invention, magnesium compounds having no reducibility are preferred. Especially 
preferred are halogen-containing magnesium compounds. Among these, magnesium chloride, alkoxy 

55 magnesium chlorides and aryloxy magnesium chlorides are preferably used. 

In preparing the solid titanium catalyst component [A] in this invention an electron donor is used. 
Examples of such electron donors are oxygen-containing electron donors such as alcohols, phenols, 
ketones, aldehydes, carboxylic acids, esters of organic or inorganic oxides, ethers, acid amides and acid 
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anhydrides; nitrogen-containing electron donors such as ammonia, amines, nitrites, and isocyanates. More 
specific examples include alcohols having 1 to 18 carbon atoms such as methanol, ethanol, propanol, 
pentanol, hexanol, octanoh 2-ethylhexanoK dodecanol, octadecyl alcohol, benzyl alcohol, phenyl ethyl 
alcohol, cumyl alcohol and isopropylbenzyl alcohol; phenols having 6 to 25 carbon atoms which may have 

5 an alkyl group, such as phenol, cresol. xylenol. ethylphenol, propylphenol, cumylphenol, nonylphenol and 
naphthoic ketones having 3 to 15 carbon atoms such as acetone, methyl ethyl ketone, methyl isobutyl 
ketone, acetophenone and benzophenone, aldehydes having 2 to 15 carbon atoms such as acetaldehyde, 
propionaldehyde, octylaldehyde, benzaldehyde. tolualdehyde and naphthaldehyde; organic acid esters 
having 2 to 30 carbon atoms including the esters desired to be included in the titanium catalyst component, 

io such as methyl formate, ethyl formate, vinyl acetate, propyl acetate, octyl acetate, cyclohexyl acetate, ethyl 
propionate, methyl butyrate, ethyl valerate, ethyl stearate, methyl chloroacetate, ethyl dichloroacetate. 
methyl methacrylate. ethyl crotonate, dibutyl maleate, diethyl butylmalonate, diethyl dibutylmalonate. 
ethylcyclohexanecarboxylate, diethyl 1 ,2-cyclohexanedicarboxylate, di(2-ethylhexyl) 1 ,2-cyclohexanedicar- 
boxyJate, methyl benzoate, ethyl benzoate, propyl benzoate, butyl benzoate, octyl benzoate, cyclohexyl 

is benzoate, phenyl benzoate. benzyl benzoate, methyl toluate, ethyl toluate, amyl toluate, ethyl ethylben- 
zoate, methyl anisate, ethyl anisate, ethyl ethoxybenzoate, dimethyl phthalate, diethyl phthalate, dibutyl 
phthalate, dioctyl phthalate. gamma-butyrotactone, dolta-valerolactone, coumarin, phthalide and ethylene 
carbonate; inorganic acid esters such as ethyl silicate and butyl silicate; acid halides having 2 to 15 carbon 
atoms such as acetyl chloride, benzoyl chloride, toluyl chloride, anisoyl chloride and phthaloyl dichloride; 

20 ethers having 2 to 20 carbon atoms, such as methyl ether, ethyl ether, isopropyl ether, butyl ether, amyl 
ether, tetrahydrofuran, anisole and diphenyl ether; acid amides such as acetamide, benzamide and 
toluamide; acid anhydrides such as benzoic anhydride and phthalic anhydride; amines such as 
methylamine, ethylamine, tnethylamine, tributylamine. piperidine, tribenzylamine, aniline, pyridine, picoline 
and tetramethylethylenediamine; and nitrites such as acetonitrile, benzonitrile and trinitrile. 

25 Organic silicon compounds of the following genera) formula 0) 

R n Si(OR%- n (I) 

wherein R and R represent a hydrocarbon group, and 0<n<4, 

30 may also be used as an electron donor. 

Specific examples of the organic silicon compounds of formula (I) are trimethylmethoxysilane, 
trimethylethoxysilane, dimethyldimethoxysilane, dirnethyldiethoxysilane, diisopropyldimethoxysilane, t-butyl- 
methytdimethoxysilane, t-butylmethyldiethoxysilane, t-amylmethyldiethoxysilane, diphenyldimethoxysilane, 
phenylmethyldimethoxysilane, diphenyldtethoxysilane, bis-o-tolyldimethoxysilane, bis-m-tolyldimethox- 

35 ysilane, bis-p-tolyldimethoxysilane, bis-p-tolyldiethoxysilane. bis-ethylphenyldimethoxysilane, dicyclohexyl- 
dimethoxysilane, cyclohexylmethyldimethoxysilane, cyclohexylmethyidiethoxysilane. ethyltrimethoxysilane, 
ethyltriethoxysilane. vinyltrimethoxysilane, methyltrimethoxysilane, n-propyltriethoxysilane. decyltriethox- 
ysilane, phenyltrimethoxysilane, gamma-chloropropyltrimethoxysilane, methyltolueneethoxysilane, ethyl- 
triethoxysilane, vinyltriethoxysilane, t-butyltriethoxysilane, n-butyltriethoxysilane, iso-butyltriethoxysilane, 

40 phenylttiethoxysiiane. gamma-aminopropyltrtethoxysilane, chlorotriethoxysilane, ethyltriisopropoxysilane, 
vinyltributoxysilane, cyclohexyl trimethoxysilane, cyclohexyltriethoxysilane. 2-norbornanetrimethoxysilane. 2- 
norbornanetriethoxysilane, 2-norbomanemethyldimethoxysilane, ethyl silicate, butyl silicate, trimethyl 
phenoxysilane. methyltriallyloxysilane, vinyltris-(beta-methoxyethoxysilane), vinyltriacetoxysilane, dimethyl- 
tetraethoxydisiloxane, dicyclohexylmethyldimethoxysilane. cyclopentylmethyldimethoxysilane, dicyclopentyl- 

45 dimethoxysilane, dicyclopentyldiethoxysilane, di-n-propyldiethoxysilane, di-t-butyldiethoxysilane, and 
cyclopentyltriethoxysifane. 

Preferred among them are ethyltriethoxysilane, n-propyltriethoxysilane, t-butyltriethoxysilane. vinyl- 
triethoxysilane, phenyltriethoxysilane. vinyltributoxysilane, diphenyldimethoxysilane, phenylmethyldimethox- 
ysilane, bis-p-tolyldimethoxysilane, p-tolylmethytdimethoxysilane, dicyclohexyldimethoxysilane, cyclohexyl- 

50 methyldimethoxysilane, 2-norbovnanetriethoxysilane, 2-norbomanemethyldimethoxysitane and diphenyl- 
diethoxysilane. 

At least two of these electron donors may be used. 

Electron donors that are desirably included into the titanium catalyst component are esters. Preferred 
are those having skeletons of the general formulae 

55 
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wherein Ft' represents a substituted or unsubstituted hydrocarbon group; each of R 2 , R 5 or R s represents a 
hydrogen atom or a substituted or unsubstituted hydrocarbon group; R 3 and R* represent a hydrogen atom 
or a substituted or unsubstituted hydrocarbon atom, preferably one of them is a substituted or unsubstituted 
hydrocarbon group; and R 3 and R* may be linked to each other. The substituted hydrocarbons for R 1 to R s 
may contain hetero atoms such as N. O or S, such as C-O-C, COOR, COOH, OH, SO3H, -C-N-C- or NH 2 . 

Especially preferred are diesters of dicarboxylic acids having an alkyl group with at least 2 carbon 
atoms. 

Specific examples of potycarboxylic acid esters include aliphatic polycarboxylic acid esters such as 
diethyl succinate, dibutyl succinate, diethyl methylsuccinate, diisobutyl alpha-methylglutarate. dibutylmethyl 
malonate. diethyl malonate, diethyl ethyl malonate. diethyl isopropylmalonate. diethyl butylmalonate, diethyl 
phenylmalonate. diethyl diethylmalonate, diethyl allylmalonate, diethyl diisobutylmalonate, diethyl di-n-butyl- 
malonate, dimethyl maleate. mono-octyl maieate. dioctyl maleate, dibutyl maleate, dibutyl butylmaleate, 
diethyl butylmaleate, diisopropyf beta-methylglutarate, diallyl ethylsuccinate, di-2-ethylhexyl fumarate, 
diethyl itaconate, dibutyl itaconate, dioctyl citraconate and dimethyl citraconate; alicyclic polycarboxylic acid 
esters such as diethyl 1 ,2-cyclohexanecarboxylate, diisobutyl 1 ,2-cyclohexanecarboxylate, diethyl 
tetrahydrophthalate, and diethyl bicyclo[2.2.1 ]heptene-2,3-dicarboxylate; aromatic polycarboxylic acid esters 
such as monoethyl phthalate, dimethyl phthaiate, methylethyl phthalate, monoisobutyl phthalate, mono-n- 
butyl phthalate. diethyl phthalate. ethylisobutyl phthalate, ethyl-n-butyl phthalate. di-n-propyl phthalate, 
d>isopropyl phthalate, di-n-butyl phthaiate, diisobutyl phthalate, di-n-heptyl phthalate. di-2-ethylhexyl 
phthalate, di-n-octyl phthalate, dineopentyl phthalate, didecyl phthalate, benzylbutyl phthalate, diphenyl 
phthalate, diethyl naphthalenedicarboxylate. dibutyl naphthalenedicarboxylate, triethyl trimellitate and dibutyl 
tnmeflitate; and esters of heterocyclic polycarboxylic acid esters such as 3,4-furanedicarboxylic acid. 

Specific examples of polyhydroxy! esters are 1 ,2-dtacetoxybenzene, 1-methyl-2,3-diacetoxyben:zene, 
2,3-diacetoxynaphthalene, ethyleneglycol dipivalate and butanediol pivalate. 

Specific examples of hydroxy-substituted carboxylic acids include benzoyl salicylate, acetyl isobuty! 
salicylate and acetyl methyl salicylate. 

Besides the above esters, long-chain dicarboxylic acid esters such as diethyl adipate. diisobutyl 
adipate, diisopropyl sebacate. di-n-octyl sebacate and di-2-ethylhexyl sebacate may be used as the 
polycarboxylic acid esters that can be supported in the titanium catalyst component. 

Preferred as the polyfunctional esters are the compounds having skeletons of the general formulae. 
More preferred are esters of phthalic acid, maleic acid and substituted malonic acid with alcohols having at 
least 2 carbon atoms. Especially preferred are diesters of phthalic acid with alcohols having at least 2 
carbon atoms. 

Other electron donors that can be supported on the titanium catalyst component are monocarboxylic 
acid estBrs of the formula 



wherein R and R' represent a hydrocarbyl group, at least one of them is a branched chain (including 
alicyclic} or a ring-containing chain groups. 

Specific examfes of R and R' may be (CHs^CH-.CaHsCHtCHa)-, (CH 3 ) 2 CHCH2-, (CH S ) 3 C-. C 2 H 5 CH- 
(CH 3 )CH2-. 



RCOOR' 




EP 0 385 765 B1 



ff one of R and R' is the above groups, the other may be the above group, or another group such as a 
straight-chain or ring-like group. 

Specific examples include monoesters of dimethylacetic acid, trimethy.lacetic acid, alpha-methyJ butyric 
acid, beta-methyl butyric acid, methacrylic acid and benzoylacetic acid, and monocarboxylates of alcohols 
5 such as isopropanol, isobuty! alcohol and tert-butyl alcohol. 

Carbonate esters may also be selected as electron donors. Specific examples include diethyl car- 
bonate, ethylene carbonate, diisopropyl carbonate, phenylethy! carbonate and diphenylcarbonate. 

It is not always necessary to use these compounds as starting materials in supporting these electron 
donors, and compounds which can be changed to these compounds in the course of preparing the titanium 
70 catalyst component may be used. 

Other electron donors may be present in the titanium catalyst component. However, if it is present in 
too large an amount, it will exert an adverse effect. Hence, the amount of another electron donor should be 
limited to a small amount. 

In the present invention, the solid titanium catalyst component [A] may be produced by contacting the 
35 magnesium compound (or metallic magnesium), the electron donor and the titanium compound. For this 
purpose, any known method of producing a highly active titanium catalyst component from a magnesium 
compound, a titanium compound and electron donor may be used. The above ingredients may be 
contacted in the presence of other reaction reagents such as silicon, phosphorus or aluminum. 

Several examples of the method of producing the solid titanium catalyst component [A] will be briefly 
20 described. 

(1) A magnesium compound, or a complex of the magnesium compound with an electron donor is 
reacted with a titanium compound in the liquid phase. The reaction may be carried out in the presence of 
a pulverization aid. In performing the above reaction, a solid compound may be pulverized. 

(2) A liquid magnesium compound having no reducibility is reacted with a liquid titanium compound in 
25 the presence of an electron donor to precipitate a solid titanium complex. 

(3) A titanium compound is further reacted with the reaction product obtained in (2). 

(4) An electron donor and a titanium compound are further reacted with the reaction product obtained in 
0) or (2). 

(5) A magnesium compound, or a complex of the magnesium compound and an electron donor is 
30 pulverized in the presence of a titanium compound. The solid product obtained is treated with halogen, a 

halogen-containing compound or an aromatic hydrocarbon. In this method, the magnesium compound or 
the complex of the magnesium compound and the electron donor may be pulverized in the presence of 
a pulverization aid. Or a magnesium compound or the complex of the magnesium compound and the 
electron donor is pulverized in the presence of a titanium compound, and the product may be pre-treated 
35 with a reaction aid, and then treated with halogen, etc. An example of the reaction aid may be an 
organoaluminum compound and halogen-containing silicon compound. 

(6) The compound obtained in each of (1) to (4) is treated with halogen or a halogen compound or an 
aromatic hydrocarbon. 

(7) A reaction product obtained by contacting a metaf oxide, a dihydrocarbyl magnesium and a halogen- 
40 containing alcohol is contacted with an electron donor and a titanium compound. 

(8) A magnesium compound such as a magnesium salt of an organic acid, an alkoxy magnesium 
compound or an aryloxy magnesium is reacted with an electron donor, a titanium compound and/or a 
halogen-containing hydrocarbon. 

Of the methods of preparing the solid titanium catalyst [A] cited in (1) to (8), the method using a liquid 
45 titanium halide at the time of preparing the catalyst and the method in which after or while a titanium 
compound is used, a halogenated hydrocarbon is used are preferred. 

The amounts of the individual ingredients used in preparing the solid titanium catalyst component [A] 
differ depending upon the method of preparation and cannot be generally determined. For example, per 
mole of the magnesium compound, the electron donor and the titanium compound are used in an amount of 
so 0.01 to 5 moles, preferably 0,05 to 2 moles, and in an amount of 0.01 to 500 moles, preferably 0.05 to 300 
moles, respectively. 

The solid titanium catalyst component [AJ so prepared contains magnesium, titanium, halogen and an 
electron donor as essential ingredients. 

In the solid titanium catalyst component [A], the halogen/titanium atomic ratio normally is 4 to 200, 
.55 preferably 5 to 100. The electron donor/titanium mole ratio normally is 0.1 to 10, preferably 0.2 to about 6. 
The magnesium/titanium atomic ratio normally is 1 to 100, preferably 2 to 50. 

In comparison with commercial magnesium halide, the solid titanium component [A] contains magne- 
sium halide having a smaller crystal size, and its specific surface area is usually at least 50 m 2 /g, preferably 
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60 to 1,000 m 2 /g, more preferably 100 to 800 m 2 /g. Since the above ingredients constitute an integral body 
to form the solid titanium component [A], its composition does not change even when it is washed with 
hexane. 

The solid titanium catalyst component [A] may be used singly, or after it is diluted with an rnorganic or 
5 organic compound, for example, a silicon compound, an aluminum compound or a polyolefin. When a 
diluent is used, this component [A] shows high activity even if its specific surface area is lower than that 
specified above. 

The methods of preparing such a highly active titanium catalyst component are disclosed, for example, 
in Japanese Laid-Open Patent Publications Nos. 108385/1975, 12B590/1975 , 20297/1976, 28169/1976, 
jo 64586/1976, 92835/1976, 136625/1976, 37489/1977, 1000596/1977, 147688/1977, 104593/1977, 2580/1978, 
40093/1978, 40094/1978, 43094/1978, 135102/1980, 135103/1980, 152710/1983, 811/1981, 11908/1981, 
18606/1981, 83006/1983, 138705/1983, 138706/1983, 138707/1983, 138708/1983, 138709/1983, 
138710/1983, 138715/1983. 23404/1985, 21 109/1986, 37802/1986. and 37808/19786. 

Compounds containing one aluminum-carbon bond at least in the molecule may be utilized as the 
is organoafuminum compound catalyst component [B]. 
Examples include the following. 

(i) Organoaluminum compounds of the general formula 

R^AKOR^nHpXq 

20 

wherein R 1 and R 2 are identicaf or different, and each represents a hydrocarbon group usually 
containing 1 to 15 carbon atoms, preferably 1 to 4 carbon atoms; X represents a halogen atom; and 
0<m33. 0£n<3; 0Sp<3, and 0£q<3, and m + n + p + q = 3. 

(ii) Complex alkylated compounds of metals of Group I and aluminum represented by the general 
^5 formula 

M'AIR 1 , 

wherein M 1 is Li, Na or K and is as defined above. 
30 The following compounds may be cited as examples of the organoaluminum compounds of formula (i). 
Compounds represented by the following general formuiae. 

R J m A(<OR?) 3 - m 

3s wherein R' and R 2 are as defined above, and m is preferably 1.5£m£3. 
R' m AlH 3 _ m 

wherein R* is as defined above, X is halogen, and m is preferably 0<m<3. 

fVmAIHg^ 

wherem R 1 is as defined above, m is preferably 2£m<3. 

4S R'^OR^Xq 

wherem R' and R 2 are as defined above. X is halogen. 0<m£3, 0Sn<3, 0Sq<3, and m + n + q = 3. 
Specific examples of the aluminum compounds represented by (i) include trialkyi aluminums such as 
triethyl aluminum and tributy) aluminum; triatkenyl aluminums such as triisoprenyl aluminum; dialkyl 

so aluminum alkoxides such as diethyl aluminum ethoxide and dibutyl aluminum ethoxide; alkyl aluminum 
sesquialkoxides such as ethyl aluminum sesquiethoxide and butyl aluminum sesquibutoxide; partially 
aJkoxylated alky) aluminums having an average composition represented by the general formula {R') 25 AI- 
(0R 2 ) 05 ; partially hatogenated alkyl aluminums, for example alkyl aluminum dihajides such as ethyl 
aluminum dichloride, propyl aluminum dichloride and butyl aluminum dibromtde; partially hydrogenated 

55 alkyl aluminums, for example alkyl aluminum dihydrides such as ethyl aluminum dihydride and propyl 
aluminum dihydride; and partially alkoxylated and halogenated alkyl aluminums such as ethyl aluminum 
ethoxychloride, butyl aluminum butoxychloride and ethyl aluminum ethoxybromide. 
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Organoaluminum compounds in which two or more aluminum atoms are bonded through an oxygen or 
nitrogen atom may be cited as compounds resembling (i). Examples are (C 2 H5)2AIOAI{C 2 H5)2, (C*H 9 )- 
2AIOA1{C + H 9 ) 2 , 



<C 2 H 5 } 2 AlNAl(C 2 H 5 ) 2' 
C 2 H 5 

and methylaluminoxane. 

Examples of the compound of the formula (ii) are LiAI(C 2 H 5 )t and LiAI(C7Hi S )4 . 

Among them, the trialkyl aluminums and alkyl-aluminums resulting from bonding of at least two 
aluminum compounds are preferred. 

As the electron donor component [C], at least two electron donors including the electron donor (1) and 
the electron donor (2) are used. 

Organic silicon compounds of the following formula are used as electron donor (1): 

FVsSi'OFt 2 ); 

In the formula, FT is an alkyl, cycloalkyl or cycloalkenyl group in which the carbon adjacent to Si is a 
secondary or tertiary. Specific examples include such alkyl groups as isopropyl, sec-butyl, t-butyl and t- 
amyl groups, such cycloalkyl groups as cyclopentyl and cyclohexyl groups and such cycloalkenyl groups 
as a cyclopentenyt group. The alkyl and cycloalkyl groups are preferred. 

In the formula for electron donor <1), R 2 represents a hydrocarbon group, preferably a hydrocarbon 
group having 1 to 5 carbon atoms, especially preferably 1 to 2 carbon atoms. 

Specific examples of the organic silicon compound for use as electron donor (1) are diisopropyl- 
dimethoxysilane, diisopropyldiethoxysilane, di-sec-butyldimethoxysilane, di-t-butyidimethoxysilane, di-t- 
amyldimethoxysilane, dicyclopentyldimethoxysilane and dicyclohexyldimethoxysilane. 

Organic silicon compounds of the following formula are used as electron donor (2): 

R 3 „SKOR 2 )4-n 

wherein 0 £ n < 4, each R 3 is an alkyl, alkenyl or aralkyt group and R c is a hydrocarbon group subject to 
the proviso that when n is 2 at least one R 3 group is one in which the carbon adjacent to Si is primary. 
Specific examples of such R 3 groups are alkyl groups such as ethyl, n-propyl and n-butyl groups, aralkyj 
groups such as cumyl and benzyl groups, and alkenyl groups such as a vinyl group. 

In the formula for electron donor (2) R 2 represents a hydrocarbon group preferably having 1 to 5 carbon 
atoms, especially preferably 1 to 2 carbon atoms. Specific examples of the organic silicon compounds for 
use as electron donor (2) in which n is 2 are diethyldimethoxysilane, dipropyldimethoxysilane, di-n- 
butyldimethoxysilane, dibenzyldimethoxysilane. divinyldimethoxysilane and ;S-phenylethylmethyldiethox- 
ysiiane. 

Specific examples of the organic silicon compounds for use as electron donor (2) include trimethyl- 
methoxysilane, trimethylethoxysilane. methyltrimethoxysilane, t-butyl-methyldimethoxysilane. t-butylmethyl- 
diethoxysilane, t-amylmethyldimethoxysilane, cyclohexylmethyldimethoxysilane, cyclohexylmethyldiethox- 
ysilane. ethyltrimethoxysilane, ethyltriethoxysifane, vinyltriethoxysilane, methyltrimethoxysilane, methyl- 
triethoxysilane, propyltrimethoxysilane, decyltrimethoxysilane, decyltriethoxysilane, propyltriethoxysilane, 
butyltriethoxysilane, 0-phenylethylmethyldiethoxysilane, vinyltrimethoxysilane, vinyltributoxysilane. cyclohex- 
yltrimethoxysilane, 2-norbornanetrimethoxysilane and 2-norbornanetriethoxysilane. 

Preferred for use as electron donor (2) are methyltrimethoxysilane. ethyltrimethoxysilane, ethyltriethox- 
ysilane. vinyltriethoxysilane, propyltrimethoxysilane, decyltrimethoxysilane, decyltriethoxysilane. propyl- 
triethoxysilane, butyltriethoxysilane, vinyltrimethoxysilane, vinyltributoxysilane and cyclohexyltrimethox- 
ysilane. 

An organic silicon compound for use as electron donor (1) or (2) may be formed in situ in that a 
compound capable of being changed to such an organic silicon compound is added at the time of 
polymerizing or preliminarily polymerizing an olefin, and the organic silicon compound is formed in situ 
during the polymerization or the preliminary polymerization of the olefin. 

In the polymerisation process of this invention an olefin is polymerised in the presence of the above- 
described catalyst. Preferably, before the polymerization (main polymerization), a preliminary polymerization 
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is preferably carried out. 

By performing such a preliminary polymerization, a powdery polymer having a high bulk density can be 
obtained, and the stereoregularity of the resulting polymer tends to increase. If preliminary polymerization is 
carried out by the slurry polymerization, the resulting slurry has excellent properties. Accordingly, by the 
5 polymerization process of this invention, handling of the resulting powdery polymer or the slurry polymer 
becomes easy. In the preliminary polymerization the solid titanium catalyst component [A] is used in 
combination with at least a portion of the organoaluminium compound catalyst component [B] at this time, it 
is possible to cause part or the whole of the electron donor catalyst component (C] to be copresent. 

In the preliminary polymerization, the catalyst may be used in much higher concentrations than in the 
to main polymerization system. 

The concentration of the catalyst of the solid titanium catalyst component [A] in the preliminary 
polymerization is usuallly 0.01 to 200 mEllimoles, preferably 0.05 to 100 millimoles. calculated as titanium 
atom, per liter of the inert hydrocarbon medium to be described. 

The amount of the organoaluminum catalyst component [A] may be such that will produce 0.1 to 500 g, 
?5 preferably 0.3 to 300 g, of a polymer per gram of the solid titanium catalyst component, and is desirably 0.1 
to 100 moles, usually, and preferably 0.5 to 50 moles, per mole of the titanium atom in the solid titanium 
catalyst component [A], 

Preferably, the preliminary polymerization is carried out under mild conditions in an inert hydrocarbon 
medium in which an olefin and the catalyst components are present. Examples of the inert hydrocarbon 

20 medium used at this time include aliphatic hydrocarbons such as propane, butane, pentane, hexane, 
heptane, octane, decane. dodecane and kerosene; altcyclic hydrocarbons such as cyclopentane. cyclohex- 
ane and methylcyclopentane; aromatic hydrocarbons such as benzene, toluene and xylene; halogenated 
hydrocarbons such as ethylene chloride and chlorobenzene; and mixtures of these. Among the inert 
hydrocarbon media, aliphatic hydrocarbons are especially preferably used. 

25 The olefin used in the preliminary polymerization may be the same as an olefin to be used in the main 
polymerization. 

When such an olefin is used in the preliminary polymerization, a highly crystalline polymer may be 
obtained from an olefin having 2 to 10 carbon atons, preferably 3 to 10 carbon atoms. 

In the process of this invention, a liquid alpha-olefin may be used instead of part or the whole of the 
30 inert hydrocarbon medium used during the preliminary polymerization. 

The reaction temperature for the preliminary polymerization may be a point at which the resulting 
preliminary polymerization does not dissolve substantially in the inert hydrocarbon medium. Desirably, it is 
usually -20 to +100 °C, preferably -20 to +80 °C, more preferably 0 to +40 °C. 

In the preliminary polymerization, a molecular weight controlling agent such as hydrogen may be used. 
35 The molecular weight controlling agent may desirably be used in such an amount that the polymer obtained 
by preliminary polymerization has an intrinsic viscosity, measured in decalin at 135 °C of at least 0.2 dl/g, 
preferably 0,5 to 10 dl/g. 

Desirably, the preliminary polymerization is carried out so that 0.1 to 1000 g, preferably 0.3 to 300 g, 
per gram of the titanium catalyst component [A], of a polymer forms. If the amount of the olefin polymerized 
40 in the preliminary polymerization is too large, the efficiency of production of an olefin polymer in the main 
polymerization may sometimes be lowered. 

The preliminary polymerization may be carried out batchwise or continuously. 

After the preliminary polymerization is carried out as above, or without any prepolymerization. the main 
polymerization of an olefin is carried out in the presence of an olefin polymerization catalyst formed from 
45 the solid titanium catalyst component [A], the organoaluminum catalyst component [BJ, and the electron 
donor catalyst component [C]. 

Examples of the olefin that can be used in the main polymerization are ethylene, propylene. 1-butene, 
4-methyl-1-pentene and 1-octene. These olefins may be be used singly or in combination. Particularly tt is 
preferable to homopolymerize propylene or 1-butene, or to copolymerize an olefin mixture containing 
50 propylene or 1-butene as a main component. In using the olefin mixture, the proportion of propylene or 1- 
butene as a main component is usually at least 50 mole %, preferably at feast 70 mole %. 

In particular, by polymerizing an alpha-olefin having at least 3 carbon atoms, a polymer having a high 
regularity index can be produced at a high catalytic efficiency. 

When these olefins are homopolymerized or copolymerized, a polyunsaturated compound such as a 
55 conjugated diene or a non-conjugated diene may also be used as a polymerization material. 

In the present invention, the main polymerization of the olefin is carried out usually in the gaseous 
phase or the liquid phase. 
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When the main polymerization is carried out by slurry polymerization, the above inert hydrocarbon may 
be used as a reaction solvent, or an olefin liquid at the reaction may be used as the solvent. 

In the potymeri2ation process of this invention, the titanium catalyst component [A] is used usually in 
0.005 to 0.5 millimole, preferably 0.01 to 0.5 mMlimole, calculated as Ti atom, per liter of the reaction zone, 
s The organoaluminum compound catalyst component is used in such an amount that the amount of the 
metal atom in the organoaluminum compound catalyst component [B] is usually 1 to 2,000 moles, 
preferably 5 to 500 moles, per mole of the titanium atom in the solid titanium catalyst component IA] in the 
polymerization system. The total amount of the electron donor catalyst component [C] is usually 0.001 to 10 
moles, preferably 0.01 to 2 moles, especially preferably 0.05 to 1 mole, calculated as Si atoms in the 
to electron donor catalyst component [G] per mole of the metal atom in the catalyst component [B). 

In the polymerization process of the invention, the titanium catalyst component [AJ. the organoaluminum 
compound catalyst component [B] and the electron donor catalyst component {C] may be contacted with 
each other at the time of the main polymerization, or before the main polymerization, for example at the 
time of the preliminary polymerization. In contacting them before the main polymerization, any two of these 
is components may be freely selected and contacted. Alternatively, two or three of the components, 
individually taken partly, may be contacted with each other. 

The electron donors (1) and {2) may both be used at the time ot the preliminary polymerization. 
Alternatively, one of them is used at the time of the preliminary polymerization, and (he other, at the time of 
the main polymerization. It is further possible to use the two electron donor for the first time in the main 
20 polymerization. 

In the polymerization process of this invention, the catalyst components may be contacted with each 
other before the polymerization in an inert gaseous atmosphere. Alternatively, the individual catalyst 
components may be contacted with each other in an olefin atmosphere. 

When the organoaluminum compound catalyst component [B] and the electron donor catalyst compo- 

25 nent fC] are used partly in the preliminary polymerization, the catalyst components used in the preliminary 
polymerization are used together with the remainder of the catalyst components. In this case, the catalyst 
components used in the preliminary polymerization may contain preliminary polymerization products. If 
hydrogen is used at the time of the main polymerization, the molecular weight of the resulting polymer may 
be adjusted, and a polymer having a high melt flow rate can be obtained. According to the polymerization 

30 process of this invention, the stereoregularity index of the resulting polymer and the activity of the catalyst 
are not reduced. 

In the present invention, the polymerization temperature of the olefin is usually set at 20 to 200 °C. 
preferably 50 to 180 °C and the polymerization pressure, usually atmospheric pressure to 98 bar (100 
kg/cm 2 ), preferably at 2 to 49 bar (2 to 50 kg^cm 2 ). The polymerization process can be carried out 
35 batchwise, semicontmuously or continuously. The polymerization may be carried out in two or more stages 
under different reaction conditions. 

The polymer ot the olefin obtained may be a homopolymer, a random copolymer or a blocked 
copolymer. 

Since in the present invention, the yield of a polymer having stereoregularity per unit weight of the solid 
40 catalyst component is high, the catatyst residue, particularly the halogen content, tn the potymer can be 
decreased relatively, and an operation of removing the catalyst from the polymer can be omitted, and 
furthermore, in molding the resulting polymer, the rusting of a mold can be effectively prevented. 

The olefin polymer obtained by using the catalyst in accordance with this invention has a broad 
molecular weight distribution, and therefore, has excellent melt-moldability. 
45 According to the polymerization process of the invention, olefins are polymerized by using a specific 
polymerization catalyst formed from the solid titanium catalyst component [AJ. the organoaluminum 
compound catalyst component [B] and the electron donor catalyst component [C], Hence, an olefin polymer 
having a particularly broad molecular weight distribution can be produced in high yields. 

The olefin polymerization method of this invention does not merely bring about a wide molecular weight 
so distribution, but gives the unexpected result that a high-molecular-weight component not obtainable in a 
conventional polymerization in a single stage is formed (shown in Figure 1). An increase in strength of the 
olefin potymer owing to this high-molecular-weight component can be expected. 

The olefin polymer obtained by the polymerization process of this invention has high stereoregularity 
and a high bulk density. 

55 In addition, the catalyst of this invention can give olefin polymers having the above excellent properties 
with a good efficiency, and little decreases in catalytic activity with the lapse of the polymerization time. 

The following examples will illustrate the present invention more specifically. It should be understood 
however that invention is not limited to these specific examples. 
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Example 1 

Preparation of a solid titanium catalyst component [Al 

5 Anhydrous magnesium chloride (7.14 g; 75 millimoles), 37.5 ml of decane and 35.1 ml (225 millimoles) 
of 2-ethylhexyl alcohol were reacted at 130 °C for 2 hours to form a uniform solution. Then. 1.67 g <11.8 
millimoles) of phthalic anhydride was added and dissolved In the uniform solution. 

The uniform solution so obtained was cooled to room temperature and all added dropwise over 1 hour 
to 200 ml (1.8 moles) of titanium tetrachloride kept at -20 °C. After the addition, the temperature of the 

10 resulting solution was elevated to 110 °C over 4 hours. When the temperature reached 110 °C, 5.03 ml 
(18.8 millimoles) of diisobutyl phthalate was added. 

The solution was stirred at the above temperature for 2 hours. After the 2 hour-reaction, the solid 
portion was taken by hot filtration. The solid portion was re-suspend«d in 275 ml of TtCk, and reacted at 
110 D C for 2 hours. 

is After the reaction, the solid portion was taken again by hot filtration, and washed with decane at 110 
°Cand hexane at room temperature. This washing was continued until no titanium compound was detected 
in the washings. 

The resulting solid titanium catalyst component [A] was obtained as a hexane slurry, A portion of the 
catalyst was sampled, and dried. Analysis of the dried product showed that the resulting solid titanium 
20 catalyst component [A] contained 2.5 % by weight of titanium. 58 % by weight of chlorine, 18 % by weight 
of magnesium and 13.8 % by weight of diisobutyl phthalate. 

[Preliminavy polymerization] 

35 A 400 ml glass reactor purged with nitrogen was charged with 200 ml of purified hexane, and 6 
millimoles of triethy! aluminum and 2 millimoles of the titanium catalyst component [A], calculated as 
titanium atom, were added. Propylene was fed into the reactor at a rate of 5.9 Nlmr for 1 hour to polymerize 
2.8 g of propylene per gram of the titanium catalyst component [A]. 

After the preliminary polymerization, the liquid portion was removed by filtration, and the separated. 

30 solid portion was dispersed again in decane. 

[Main polymerization] 

A 2-!iter autoclave was charged with 750 ml of purified hexane, and in an atmosphere of propylene at 
35 room temperature, 0,75 millimole of trimethylaluminum, 0.038 mole of dicyclopsntyl dimethoxysilane, 0.038 
millimole of propyltriethoxysilane and 0.015 millimole, calculated as titanium atom, of the titanium catalyst 
component [AJ treated by preliminary polymeri2ation (corresponding to 4.4 mg calculated as the catalyst 
component [A]) were added. Hydrogen {200 Nml) was added. The temperature was elevated to 70 °C, and 
propylene was polymerized for 2 hours. The pressure was maintained at 7 bar-G (7 kg/cm 2 -G) during the 
40 polymerization. 

After the polymerization, the slurry containing the formed polymer was filtered to separate it into a white 
granular polymer and a liquid phase. After drying, the boiling n-heptane extraction residue, MFR, the 
apparent bulk density, polymerization activity, the It of the entire polymer, the molecular weight distribution 
(Mw/Mn) by GPC of the polymer, and the MFR (a), MFR (b) and log [MFR (b)/MFR (a)] when the catalyst 
4s component [C] were used singly were each measured. The results are shown in Table 1. 

Example 2 

Example 1 was repeated except that in the main polymerization, vinyltriethoxysilane was used instead 
50 of propyltriethoxysilane. 

The results are shown En Table 1. 

The results of GPC analysis of the resulting polymer are shown in Figure 1. 
Example 3 

55 

Example 1 was repeated except that in the main polymerization, beta-phenethylmethyldiethoxysilane 
was used instead of propyltriethoxysilane. 
The results are shown in Table 1 . 
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Examples 4 to 6 

Examples 1 to 3 were repeated except that in the main polymerization, di-t-butyldimethoxysilane was 
used instead of dicyclopentyldimethoxysilane. 
s The results are shown in Table 1. 

Comparative Examples 1 to 2 

Example 1 was repeated except that in the main polymerization, 0,075 millimole of cyclohexylmethy!- 
w dimethoxysilane or vinyltriethoxysilane were used instead of the two silane compounds. 
The results are shown in Table 1. 
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The results of the GPC analysis oi the resulting polymers are shown in Figure 1. 
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Claims 

50 

1. A catalyst for use in the polymerization of an olefin, which catalyst is formed from 

[A] a solid titanium catalyst component comprising magnesium, titanium, halogen and an electron 
donor as essentia! ingredients, 

[B] an organoaluminium compound catalyst component, and 

55 [C] an electron donor catalyst component comprising at least two electron donors including an 

electron donor (1) and an electron donor (2). wherein electron donor (1) is of the formula 

R' 2 Si(OR 2 ) 2 
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wherein Ft' is an alkyl. cycloalkyl or cycloalkenyl group in which the carbon adjacent to Si is 
secondary or tertiary and R ? is a hydrocarbon group, and the electron donor (2) is of the formula 

5 R 3 n Si(OR 2 ) 4 - n 

wherein 0 S n < 4, each R 3 is an alkyl, alkenyl or aralkyl group and R 2 is a hydrocarbon group 
subject to the proviso that when n is 2 at least one of the R 3 groups is one in which the carbon 
adjacent to Si is primary, 

id the electron donor (1) and electron donor {2) being such that the MFR (a) 

of homopolypropylene obtained by polymerising propylene in the presence of a catalyst formed 
of the solid titanium catalyst component (A], the organoaluminum compound catalyst component [B] 
and the electron donor (1) and the MFR (b) of homopolypropylene obtained under the same 
polymerisation conditions except for using the electron donor (2} in place of the electron donor (1} 

75 satisfies the relationship: 

log [MFR(b)/MFR(aX£-t.5 

2. A catalyst according to claim 1 in which the solid titanium catalyst component [A] contains an ester as 
20 the electron donor and the organoalumintum compound catalyst component [B] is a trialkyl aluminium. 

3. A catalyst according to claim 2 in which the solid titanium catalyst component [A] contains diisobutyl 
phthalate as the electron donor; the organoaluminium compound catalyst component IB] ts triethyl 
aluminium; and two electron donors of the electron donor catalyst component [C] are (1) dicyclopentyl- 

25 dimethoxysilane and (2) propyltriethoxysilane. 

4. A catalyst according to claim 2 in which the solid titanium catalyst component tA] contains diisobutyl 
phthalate as the electron donor; the organoaluminum compound catalyst component [B] is triethyl 
aluminum; and two electron donors of the electron donor catalyst component [C] are (1) dicyclopentyl- 

30 dimethoxysilane and (2) vinyltriethoxysilane. 

5. A catalyst according to claim 2 in which the solid titanium catalyst component [A] contains diisobutyl 
phthalate as the electron donor; the organoaluminum compound catalyst component [B] ts triethyl 
aluminum; and two electron donors of the electron donor catalyst component [C] are (1) dicyclopentyl- 

35 dimethoxysilane and (2) beta-phenethylmethyldiethoxysilane. 

6. A catalyst according to claim 2 in which the solid titanium catalyst component {A] contains diisobutyl 
phthalate as the electron donor; the organoaluminum compound catalyst component [B] js triethyl 
aluminum; and two electron donors of the electron donor catalyst component [C] are (1) di-t- 

40 butyldimethoxysilane and (2) propyltriethoxysilane. 

7. A catalyst according to any one of the preceding claims in which the solid titanium catalyst component 
[A] has been treated by preliminarily polymeri2ing an olefin in its presence. 

45 8. A catalyst according to claim 7 in which the olefin is an olefin having 2 to 5 carbon atoms. 

9. A catalyst according to claim 8 in which the olefin is propylene. 

10. A process for preparing an olefin polymer which comprises polymerising at least one olefin in the 
50 presence of a catalyst as claimed in any one of the preceding claims. 

11. A process according to claim 10 wherein the at least one olefin has 2 to 5 carbon atoms. 

12. A process according to claim 10 wherein the at least one olefin is propylene. 

55 
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Patentan sprue he 

1. Katalysator zur Verwendung bei der Polymerisation eines Olefins, wobei der Katalysator gebildet ist 

aus: 

5 [A] einer festen Titan-Katalysatorkomponente, die Magnesium, Titan, Halogen und einen Elektronen* 

donator als wesentliche Bestandteile enthalt, 

[B] einer Organoaluminiumverbindungs-Katalysatorkomponente, und 

[C] einer Elektronendonator-Katalysatorkomponente, die mindestens 2wei Elektronendonatoren ent- 
halt, einschliefltich eines Eiektronendonators (1) und eines Elektronendonators (2), wobei der 

jo Elektronendonator (1) die Forme! besitzt 

R 1 2 Si(OR 2 ) 2 

worin R 1 eine Alkyl-, Cycloalkyl- oder Cyctoalkenylgrupppe ist, worin das an Si angrenzende 
is Kohlenstoffatom sekundar oder tertiar ist, und R 2 eine Kohlenwasserstoffgruppe bedeutet, und wobei 

der Elektronendonator (2) die folgende Formel besit2t 

R 3 n Si(0R 2 ) 4 - n 

20 worin Oi n< 4 ist, jeder R 3 -Rest eine Alkyl-. Alkenyl- oder Aralkylgruppe bedeutet und R 2 eine 

Kohlenwasserstoffgruppe bedeutet, mit der Maflgabe, daB wenn n 2 ist, mindestens eine der R 3 - 
Gruppen eine ist, in welcher das an Si angrenzende Kohienstoffatom primar ist, 
wobei der Elektronendonator (1) und der Elektronendonator (2} dergestalt sirtd, daR 
die MFR (a) des Homopolypropylens, das durch das Polymerisieren von Propylen in Gegenwart 

25 eines aus der festen Titan-Katalysatorkomponente [A], der Organoaluminiumverbindungs-Katalysa- 

torkomponente [B] und des Elektronendonators (1) gebildeten Katalysators erhalten wurde, und die 
MFR (b) des Homopolypropylens, das unter den gleichen Polymerisationsbedingungen, mit Ausnah- 
me der Verwendung des Elektronendonators (2) anstelle des Elektronendonators (1), erhalten wurde, 
die folgende Beziehung erfliilen: 

30 

log [MFR(b)/MFR{a)] £ 1,5. 

2. Katalysator gemafi Anspruch 1 , in dem die feste Titan-Katalysatorkomponente [A] einen Ester als 
Elektronendonator enthalt und die Organoaluminiumverbindungs-Katalysatorkomponente [B] ein Trialky- 

35 laluminium ist. 

3. Katalysator gemaG Anspruch 2, in dem die feste Titankatalysatorkomponente [A] Diisobutyiphthalat als 
Elektronendonator enthalt; die Organoalurniniumverbindungs-Katalysatorkomponente [B] Triethylaiumi- 
nium ist; und zwei Elektronendonatoren der Elektronendonator-Katalysatorkomponente [C] (1) Dicyclo- 

40 pentyldimethoxysilan und (2) Propyltriethoxysilan sind. 

4. Katalysator gemSB Anspruch 2 in dem die feste Titan-Katalysatorkomponente [A] Diisobutyiphthalat als 
Elektronendonator enthaNt; die Organoaluminiurnverbindungs-Katalysatorkomponente [B] Triethylalumi- 
nium ist; und zwei Elektronendonatoren der Elektronendonator-Katalysatorkomponente [C] (1) Dicyclo- 

45 pentyldimethoxysilan und (2) Vinyltriethoxysilan sind. 

5. Katalysator gemafi Anspruch 2, in dem die feste Titan-Katalysatorkomponente [AJ Diisobutyiphthalat als 
Elektronendonator enthalt; die Organoaluminiumverbindungs-Katalysatorkomponente [B] Triethylalumi- 
nium ist; und zwei Elektronendonatoren der EJektronendonator-Katalysatorkomponente [C] (1) Dicyclo- 

so pentyldimethoxysilan und (2) beta-Phenethylmethyldiethoxysilan sind. 

6- Katalysator gemaS Anspruch 2, in dem die feste Titan-Katalysatorkomponente [A] Diisobutyiphthalat als 
Elektronendonator enthSIt, die Organoaluminiumverbindungs-Katalysatorkomponente [Bj Triethylalumi- 
nium ist; und zwei Elektronendonatoren der Elektronendonator-Kataiysatorkomponente [C] (1) Di-t- 
55 butyldimethoxysilan und (2) Propyltriethoxysilan sind. 

7. Katalysator gemaG mindestens einem der vorhergehenden Anspruche, in dem die feste Titan-Katalysa- 
torkomponente [A] behandelt wurde durch vorausgehendes Polymerisieren eines Olefins in ihrer 
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Gegenwart. 

8. Katalysator gemaG Anspruch 7, in dem das Olefin ein Olefin mit 2 bis 5 Kohlenstoffatomen ist. 

s 9. Katalysator gemafl Anspruch 8. in dem das Olefin Propylen ist. 

10. Verfahren zur Herstellung eines Olefinpolymeren, welches das Polymerisieren mindestens eines Olefins 
in Gegenwart eines Katalysators gemafi mindestens einem der vorhergehenden Anspruch© umfaet. 

10 11. Verfahren gemaS Anspruch 10. worin das mindestens eine Olefin 2 bis 5 Kohlenstoffatome besitzt. 

12. Verfahren gemafi Anspruch 10, ber dem das mindestens eine Olefin Propylen ist. 

Revendicatlons 

75 

1. Catalyseur de polymerisation d'une oiefine, lequel catalyseur est forme par 

IA] un composant catalyseur solide a base de titane contenant, comme constituants essentiels, du 
magnesium, du titane, de I'halogene et un donneur d'eiectron 
[B] un composant catalyseur organoaluminique et 
20 [C] un composant catalyseur donneur d'electrons comprenant au moins deux donneurs d'electrons 

dont un donneur d'electrons (1) et un donneur d'electrons (2), le donneur d'electrons (1) etant un 
compose de formuie 

R^SKOR 2 ^ 

25 

dans laquelle FV represents un groupe alkyle, cycloalkyle ou cycloalcenyle dans lequel I'atome de 
carbone adjacent a I'atome de Si est secondaire ou tertiaire et R 2 represents un groupe hydrocarbo- 

ne 

et le donneur d'electrons (2) etant un compose de formuie 

30 

R 3 n Si(OR2) 4 _ n 

dans laquelle 0 i n S 4, chaque R 3 represente un groupe alkyle, alcenyle ou aralkyle et R 2 est un 
groupe hydrocarbone, avec la reserve que, lorsque n est egal a 2, au moins un des groupes R 3 est 

35 un groupe dans lequel I'atome de carbone adjacent a I'atome de Si est primaire, 

le donneur d'electrons (1) et le donneur d'electrons (2) etant tel que I'indice de fluidite a chaud 
(IFC) (a) d'un hornopolypropylene obtenu par polymerisation de propylene en presence du cataly- 
seur forme par le composant catalyseur solide a base de titane [A], le composant catalyseur 
organoaluminique [B] et le donneur d'electrons (1) et I'indice de fluidite a chaud (IFC) (b) d'un 

40 hornopolypropylene obtenu dans les memes conditions de polymerisation sauf en ce qui concerne 

Putilisation du donneur d'electrons (2) a la place du donneur d'electrons (1) satisfont la relation 

log[IFC{b)IFC(a)] £ 1,5 

45 2. Catalyseur conforme a la revendication 1 dans lequel le composant catalyseur solide a base de titane 
[AJ contient un ester comme donneur d'electrons et le composant catalyseur organoaluminique [BJ est 
un alkyialuminium. 

3. Catalyseur conforme a la revendication 2 dans lequel le composant catalyseur solide a base de titane 
so [A] contient, comme donneur d'electrons, du phtalate de ditsobutyfe, le composant catalyseur organoa- 
luminique [B] est le triethylaluminium, et deux donneurs d'electrons du composant catalyseur donneur 
d'electrons [C] sont (1 ) le dicyclopentyldimethoxysilane et (2) le propyltriethoxysilane. 

4. Catalyseur conforme a la revendication 2 dans lequel le composant catalyseur solide a base de titane 
55 [A] contient, comme donneur d'electrons, du phtalate de diisobutyle. le composant catalyseur organoa- 

lumminique [B] est le triethylaluminium, et les deux donneurs d'electrons du composant catalyseur 
donneur d'electrons [C] sont {1) le dicyclopentyldimethoxysilane et (2) le vinyltriethoxysilane. 
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5. Catalyseur conforms a Ja revondication 2 dans lequel le composant catalyseur solide a base de titan© 
[A] contient. comme donneur d'electrons, du phtalate de ditsobutyle, le composant catalyseur organoa- 
luminique [B] est le triethylaluminium, et les deux donneurs d'electrons du composant catalyseur 
donneur d'electrons [C] sont <1) le dicyclopentyldimethoxysilane et (2) le beta-phenethylmethyldie- 

5 thyoxysilane 

6. Catalyseur conforme a la revendication 2 dans lequel le composant catalyseur solide a base de titane 
[A] contient, comme donneur d'electrons. du phtalate de ditsobutyle, le composant catalyseur organoa- 
luimnique [B] est le triethylaluminium, et les deux donneurs d'electrons du composant catalyseur 

jo donneur d'electrons [C] sont (1) le di-f-butyldimethoxysilane et (2) le propyltriethoxysilane. 

7. Catalyseur conforme a une quelconque des revendications precedentes dans lequel le composant 
catalyseur solide a base de titane [AJ a ete traite par polymerisation preliminaire d'une oiefine en sa 
presence. 

75 

8. Catalyseur conforme a la revendrcation 7 dans lequel I'oiefine est une define comportant de 2 a 5 
atomes de carbone. 

9. Catalyseur conforme a la revendication 8 dans lequel I'oiefine est le propylene. 

20 

10. Procede de preparation d'une polyotefine comprenant la polymerisation d'au moins une Define en 
presence d'un catalyseur conforme a une quelconque des revendications precedentes. 

11. Precede conforme a la revendication 10 dans lequel la ou les ofefines comporte(nt) de 2 a 5 atomes de 
25 carbone. 

12. Procede conforme a la revendication 10 dans lequel ladite oiefine, au nombre d'au moins une, est le 
propylene. 

30 



35 



40 



45 



SO 



55 



18 



EP 0 385 765 B1 



8 

00 




19 



